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The article covers the chemical method of concrete mixes modifying by setting themin sulfur-limy solution. Mathematical models of 
concrete curing dynamics are found, depending on concentration of sulfur in the solution, namely:
– steady curing rate is observedinthe solution with low content of chemical additives (concentration of Scommon = 0,5-2,5 g/l); 
– obviously unsteady curing rate is observed in the solution with sulfur concentration at the range of 3 to 180 g/l;
– steadily high curing rate is observed in the solution of corresponding saturation (up to 220 g/l). 
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at the heart of receiving the quick-hardening Portland cement 
characterizedduring hydration by high 
thermal emission catalyzing the reaction 
as a whole, liesthe high subtlety of 
crushing of clinker among the silicates 
of which the high-basic aliteprevails 
There is a basis to consider that 
braking of spontaneously begun 
hydration of the potentially active alite 
in ordinary cements is caused by the 
kinetic restrictions arising first of all at 
a hydrolytic stage of a full cycle of a 
mineraldissolutionreaction  These are 
caused by overstrain of crystallization 
of calciumhydroxide liberatingon the 
surfaces of an alitegrain due to the 
development of solid-phase nature of 
reaction  It is remarkable that the subtlety 
of crushing of clinker among the silicates 
of which the beliteprevails, isn’t that 
effective in regard to the acceleration of 
curing of cement, because in comparison 
with alite cements it doesn’t provide 
the due level of a thermal emission, 
which is caused by absence of the gentle 
atoms of calcium hydrating with a high 
thermal emissionin structure of the 
latter  Such distinction in the structure 
of ties between molecules of alite and 
belite caused high energy of activation 
of reaction of protonization at the latter 
ties, causing destruction of a molecule 
and releasing of atoms of calcium, 
mixing up into the liquid phase, the 
speed of which substantiallydepends on 
the concentration of protons in it 
It seems obvious that the effect of the 
majority of known additivesaccelerating 
the curing is explained by the 
improvement of solubility of 
calciumhydroxide, preventing the 
passivation of a surface of grain at 
the stage of its initially spontaneous 
liberation [1] 
As the properties and practice of 
pozzolanic cement testify, the activation 
of the majority of the Portlandcements 
containing among its the silicates 
both high-basic and the low-basic 
compounds of silicates, at the expense 
of the adjustable working рН of a liquid 
phase towards the reduction can become 
effective only when ensuring the under-
saturation of a liquid phase with calcium 
hydroxide. Otherwise at the same time 
with belitereaction activation, additional 
restrictions to alitehydrolysis caused by 
рНdecrease will lead to the reduction of 
the workingрН and deceleration of the 
wholehydrationreaction 
Calcium polysulfideis particularly 
interesting  Its water solutions are 
received by the dissolution of powder 
sulfur in the water suspension of 
hydroxide of calcium [2] heated to 
boiling  Such sulfur-limy solution 
promotes the increased activity of a 
Portland cement  Its components have 
small cost, and application of it allows 
utilizing sulfur being an industrial 
productionwastein some cases  Thus 
efficiency of activation is higher in 
relation to cements in which the hard 
belite prevails. This is explained by the 
limited solubility of reagent and the 
deficiency of the injected polysulfide 
not providing (in case of highly alite 
cements) the involvement of all the 
calciumhydroxide liberated in the 
system into the reaction  This includes 
the experimental solution of a problem 
of receiving quick-hardening Portland 
cement by activation of the cheapest 
belite [3]  
In order to reveal influence 
of concentration of sulfur in a 
solutemedium-aluminate Portlandcement 
of M400, large filler – limy rubble, small 
filler – river sand (a ratio between large 
and small filler is 4:1) were used. Limy-
sulfuric solutewas received through 
the dissolution of powder sulfur in the 
suspension of calciumhydroxide heated 
to 90-95°C  The weight structure of a 
dry mix was accepted in the ratio of 
S:Ca(OH)2 = 2:1, corresponding to 
stehiometry of the reaction  The mass 
of sulfur was accepted at the rate of 
220 g/l in a final suspension preparation. 
At such a high extent of saturation 
of a limy-sulfur solution the ratio of 
sulfurpolysulfide (Spoli) and thiosulfate 
(Stio) was approximately equal in it 4. 
The polysulphidic component of lye 
is presented by a mix of calciumtetra-
andpentasulfidewith the prevalence of 
the latter 
At tempering of a dry part of a 
concrete mix at first the calculated 
amount of a preparation was added  
Then additive water it was brought to 
a normal density of dough, considering 
thus the total volume of mixing liquid 
and volumeof water itself in it  
The analysis of the obtained data 
shows that nature of dynamics of a 
durability acquisition can be various 
depending on concentration of sulfur in 
a solute, namely: steady course of curing 
without the nonrecoverabledumping 
of durability observed at small 
concentrations of a solute of 

GISAP
Technical ScienceS, conSTrucTion and archiTecTure
limy-sulfur solute (concentration of 
Scommunal = 0,5-2 g/l); obviously non-
steady course of curing observed in 
the range of concentrations of sulfur in 
a solute from 2,5 g/l of the dissolved 
sulfur to rather high concentration of 
150-180 g/l. And at last, we allocate area 
of the high concentration corresponding 
to over-saturated broths (215-220 g/l).
In order to determine the 
mathematical model of kinetic 
modes of curing of concrete mixes 
[4] 3 full factorial experiments were 
established   They covered three areas 
of durabilityacquisition dynamics  The 
following were accepted as factors in 
all three cases: X1 – concentration of 
sulfur in a solute, g/l; X2 – consumption 
of cement in a concrete mix, %; 
X3 – time of curing of concrete (taking 
into accountthe logarithmic dependence 
of curing in time under standard 
conditions; for our kinetic modes we 
simplified this dependence to the linear 
one, intentionally setting the general 
described modelas the purpose) 
5 samples for each test were made  
Output indicators are presented in 
table Y1 – mean values of the received 
durability for the first factorial 
experiment, MPa; Y2 – mean values of 
the received durability for the second 
factorial experiment, MPa; Y3 – mean 
values of the received durability for the 
third factorial experiment, MPa.
The received initial equations of 
regressionswere checked for the im-
portance of coefficients and adequacy 
of the model. Checking coefficients of 
equations for the importance using the 
Student’s coefficient it was revealed that 
all equations contained non-significant 
coefficients, i.e.the received models can 
be used for the general description of the 
process, but not for specific decision-
making. After discarding non-signifi-
cant coefficients the model checked for 
adequacy using the Fischercriterion  As 
Tab. 1
Variation of factors for the first complete factorial experiment
Factors –1 0 +1
Х1, g/l 0 1,25 2,5
Х2, % 9 12 15
Х3, days 7 18 29
Tab. 2
Variation of factors for the second complete factorial experiment
Factors –1 0 +1
Х1, g/l 20 40 60
Х2, % 9 12 15
Х3, days 7 18 29
Tab. 3
Variation of factors for the third complete factorial experiment
Factors –1 0 +1
Х1, g/l 200 210 220
Х2, % 9 12 15
Х3, days 7 18 29
Tab. 4 
Plan of the completed full factorial experiments
Testnumber
Majorfactors Interconnections Durability, MPa
Х1 Х2 Х3 Х1·Х2 Х2·Х3 Х1·Х3 Х1Х2Х3 Y1 Y2 Y3
1 + + + + + + + 30,5 21,0 30,0
2 – + + – + – – 30,7 9,9 29,5
3 + – + – – + – 11,1 14,7 19,3
4 – – + + – – + 10,1 9,4 18,0
5 + + – + – – – 24,5 30,0 24,9
6 – + – – – + + 25,3 11,9 30,5
7 + – – – + – + 8,77 10,2 11,8
8 – – – + + + – 6,3 4,2 11,6
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a result of data processing the following 
equations (describing all the three kinetic 
modes of curing of concrete mixes in the 
limy-sulfur solute) were received:
y1= 18,41 + 9,34х2 + 2,19х3 –
 – 0,56х1х2 + 0,66х2х3;
y2= 13,91 + 5,06х1 + 4,28х2 +
 + 2,23х1х2 – 2,59х2х3 – 0,96х1х3;
y3= 21,95 + 6,77х2 + 2,25х3 –
 – 0,825х1х2 – 1,23х2х3 + 0,9х1х3 
Analyzing the received models it is 
possible to draw a conclusion:
1) Values of а0 testify to the initial 
considerable excess of durability of sam-
ples in areas of low (up to 2,5 g/l) and 
too high concentrations (220 g/l) of the 
solutecaeteris paribus;
2) In the first and in the third equa-
tion concentration of a Portlandcement 
(or the concrete brand)has the greatest 
influence, in the second equation – con-
centration of sulfur in a solute;
3) Joint influence of concentration 
of sulfur with the level of a Portland ce-
ment in the first and in the third modes of 
curing slow down the process - this posi-
tively affects the initial stage of forma-
tion of a rigid framework of a material; 
while in the second mode they accelerate 
the process – which leads to further self-
damage of samples and negative joint in-
fluence of these factors in time, i.e.with 
the third factor;
4) Due to the absence of the third 
factor and its negative joint influence 
with other factors in the second equa-
tion, it is possible to decide for sure that 
the kinetic mode of curing of concrete 
samples in the middle area of sulfurcon-
centration (from 2,5 to 180 g/l) is non-
stable in time;
5) Additional factor of improvement 
of durability in the third mode of cur-
ing is the joint strengthened influence of 
high concentrations of sulfur in time, i e  
the first and third factors.
references:
1  Elesin M A  Polisul’furnye 
soedinenija v tehnologii stroitel’nyh 
materialov: nauchnoe dopolnenie 
[Polysulphurous compounds in 
technology of construction materials: 
scientific addition]. – Novosibirsk., 
NGASU, 2002. – 250 p.
2  Elesin M A  Izuchenie raspada 
sery na gidrookis’ kal’cija [Studying the 
decomposition of sulfur into calcium 
hydroxide]. Zhurnal prikladnoj himii 
[Journal of applied chemistry]. – 
St  Petersburg , 1996 , Vol  69, No  7 , 
pp  1069-1072 
3  Nizamutdinov A R  Novyj 
sposob gidrohimicheskoj modifikacii 
Portlandcementnyh konstrukcij v 
serno-izvestkovom rastvore [New 
way of hydrochemical modifying of 
Portlandconcrete structures in a sulfur-
lime solution] , Nizamutdinov A R  
Umnova E V  Botvinyeva I P , Elesin M , 
Global’nyj nauchnyj potencial [Global 
scientific potential]. – Tambov., 2012, 
No  10 (19) , pp  69-72 
4  Elesin M A  Predvaritel’nye 
issledovanija v stroitel’stve: rukovodstvo 
[Preliminary studies in construction: 
manual]. – Norilsk. Nauchno-
issledovatel’skij institut [Scientific 
research institute], 2010. – 110 p.
information about authors:
1  Mikhail Elesin - Candidate of 
Technical Sciences, Associate Professor, 
Federal Public Budgetary Educational 
Institution of Higher Education “Norilsk 
Industrial Institute”; address: Russia, 
Norilsk city; e-mail: ema0674@mail.ru
2  Anwar Nizamutdinov - Postgraduate 
Student, Federal Public Budgetary 
Educational Institution of Higher 
Education “Norilsk Industrial Institute”; 
address: Russia, Norilsk city; e-mail: 
anvar-anvar@yandex.ru
3. Elizabeth Zaytseva – Student, 
Federal Public Budgetary Educational 
Institution of Higher Education “Norilsk 
Industrial Institute”; address: Russia, 
Norilsk city; e-mail:ema0674@mail.ru
